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We study the prospects to detect at hadron colliders the Lepton Flavour Violating Higgs decay
H → τµ, which can reach substantial branching fractions in several extensions of the SM. Among
them, the generic two higgs doublet model (THDM-III) can be taken as a representative case where
B.R.(H → τµ) can reach values of order ≃ 10−1 − 10−2. Bounds on the LFV factor κτµ of order
0.8 − 1.7 can be derived at 95 % c.l. at Tevatron Run-2 with 4 fb−1 for mH = 110− 150 GeV.
I. INTRODUCTION.
The search for the Higgs boson is one of the main goals of Tevatron RUN-2 and future colliders [1]. Although
the most conservative search strategy uses the theoretical expectations coming from the minimal standard model
(SM), it is certainly worthwhile to look for other signals arising from physics beyond the SM. In this regard, it
has been recognized recently that the Higgs sector of several well-motivated models can predict lepton flavour
violating (LFV) Higgs decays at sizable rates [2], that may be detectable at future colliders [3, 4]. In fact,
violation of Lepton number is predicted in several extensions of the standard model (SM), and the results on
atmospheric neutrinos [5], showing evidence for neutrino oscillations, indicate that a lepton sector beyond the
SM is required to account for the pattern of neutrino masses and mixing suggested by the data.
In this paper we report preliminary work started at Snowmass 2001, regarding the detectability of such
LFV Higgs decays at Hadron colliders. Although such decays were studied in [2], within the context of several
extensions of the SM, including both the effective lagrangian approach as well as specific models, we shall express
our results following the general Two-Higgs doublet model (THDM-III), which does serves as a prototype model
where such effects are predicted and it also facilitates the presentation of bounds on the LFV couplings. The
main result of this work concerns the decays H → τµ, which was found to reach a B.R. of order 0.1 − .01, for
both the effective lagrangian and THDM-III cases, which can be searched at Tevatron Run-II.
II. THE LFV HIGGS DECAYS IN THE THDM-III
The two-Higgs doublet extension of the SM (THDM), (Models I and II) solved their problem with large
Flavour changing neutral scalar interactions (FCNSI), by requiring a discrete symmetry that restricted each
fermion to couple at most to one Higgs doublet [6]. Later on, it was found that FCNSI could be suppressed at
acceptable rates, with relatively light Higgs bosons, by imposing a more realistic pattern on the Yukawa matrices,
which in principle can be associated with some family symmetry [7]. The phenomenological predictions of this
model (called model III in the literature [8, 9]) have been studied to some extent.
Working within the Higgs mass-eigenstate basis, the LFV interactions of the light neutral Higgs boson H take
the form:
LLFV = ξij cosαl¯iljH + h.c. (1)
where α denotes the mixing angle of the neutral Higgs sector, and ξij denotes the Yukawa coupling of the second
doublet. In order to satisfy the low energy data on FCNC, Cheng and Sher [10, 11] proposed the following
ansatz :
ξij = λij
(mimj)
1/2
v
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2where v = 246 GeV and the lepton mass factor gives the order of magnitude of the interaction. The coefficients
λij are dimensionless parameters that can be constrained by comparing the prediction for relevant processes
with present experimental bounds on FCNC and LFV transitions. The strongest bound for the parameters λij
are obtained from muon anomalous magnetic moment [12], namely: λµτ < 10, which involves only one coupling.
Other interesting bounds are: (λeµλµτ )
1/2 < 5, which is obtained from the decay µ→ eγ.
One additional implication of these LFV couplings is the possibility to observe the LFV Higgs decays H →
l+i l
−
j , whose decay width will be given by:
Γ(H → l+i l
−
j ) =
ξ2ij
8pi
cos2 α mH (3)
Since the dominant decay mode of the Higgs boson in the intermediate mass range is H → bb¯, and the corre-
sponding coupling will depend on mb, sin
2 α and λbb, this will introduce a complicated expression for the Higgs
total width. However, if we assume values for the parameters λτµ and sinα of order one, which satisfy present
low-energy bounds, and neglect the corrections to all other higgs decays, we find that H → µτ is allowed to
have a B.R. of order 0.1− 0.01, which seems at the reach of future colliders. On the other hand, the resulting
upper limit on B.R.(h0 → eµ) is of the order 10−5 − 10−6, which does not seem to be at the reach of future
experiments. Results for the LFV higgs decays H → τµ and H → τe, are shown in table 1. Within the minimal
SUGRA-MSSM and the SM with massive neutrinos, these decays are found to have negligible rates. Whereas
in models with heavy majorana neutrinos, the LFV Higgs decays are induced at one-loop level and can reach
values of order 10−3 [13].
III. STRATEGY SEARCH FOR H → τµ
In order to study these LFV Higgs decays at future hadron colliders, we shall focus on the mode H → τµ,
which has the muon in the final state and it is easier to separate from the backgrounds. Then, to derive bounds
on the LFV parameters we shall consider the THDM-III, but for this it would be necessary to take into account
not only the dependence of the Higgs decay width on these parameters, but also the full expression for the
branching ratio. In order to handle such multi-parameter dependence, we shall introduce the parameter κµτ , in
such a way that the branching ratio for the decay H → τµ, is given by:
B.R.(H → τµ) = κ2τµ
(
2mµ
mτ
)
B.R.(H → τ+τ−) (4)
where the dependence on the lepton masses has been made explicit, whereas the dependence on the parameters
λij and α has been absorbed into the couplings κτµ.
In order to study the possibility to detect the LFV higgs decays, one can use the gluon-fusion mechanism to
produce a single Higgs boson; assuming that the production cross-section is of similar strength to the SM case,
about 1.2 pb for mH = 100 GeV, it will allow to produce 12,000 Higgs bosons with an integrated luminosity
of 10 fb−1. Thus, for B.R.(H → τµ/τe) ≃ 10−1 − 10−2 Tevatron can produce 1200 − 120 events. Then, to
determine the detectability of the signal, we need to study the main backgrounds to the H → τµ signal, which
are dominated by Drell-Yan tau pair and WW pair production. In Ref. [4] it was proposed to reconstruct the
hadronic and electronic tau decays, assuming the following cuts: i) For the transverse muon and jet momentum:
pµT > mH/5, p
±
T > 10 GeV, ii) Jet rapidity for Tevatron (LHC): |η| < 2(2.5) iii) The angle between the missing
transverse momentum and the muon direction: φ(µ±) > 160o.
The resulting bounds on the LFV higgs couplings κτµ that can be obtained at Run-2 and LHC at 95% c.l.,
are shown in Fig. 1; one can see that it will be possible to test values of κτµ of order 0.8 − 1.7 (0.2 − 0.4) at
Tevatron (LHC) with 4 (100) fb−1 for mH = 110 − 130 GeV. In Fig. 1 we have also included the expected
bound on κτµ at the very large hadron collider (VLHC), with c.m. energy of 40 TeV and integrated luminosity
of 1000 fb−1, under the very crude assumption that signal and background can be scaled from LHC results; in
this case the sensitivity extends up to values of κτµ = 0.1.
Thus, we found that the LFV Higgs decays H → τµ/τe can have large branching ratios, of order 0.1− 0.01,
in some extensions of the SM, which can be detected at the coming stages of Tevatron Run-II. At present we
are studying the signal at Tevatron Run-2 using the realistic detector simulation of CDF, which we expect to
present in the near future [14].
3TABLE I: B.R. of LFV Higgs decays for the THDM-III. Results are shown for sinα = 0.1, and the numbers in parenthesis
correspond to sinα = 0.9.
mH GeV B.R.(H → µτ ) B.R.(H → eµ)
100. 0.7 (0.1) 1.3× 10−5 (2.0× 10−6)
130 0.7 (0.1) 1.2× 10−5 (2.1× 10−6)
170. 0.3 (1.2× 10−3) 5.5× 10−6 (2.3× 10−8)
200. 0.1 (3.5× 10−4) 2.2× 10−6 (6.4× 10−9)
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FIG. 1: Bounds on the LFV coupling κτµ that can be obtained at Tevatron Run-2 (dot-dashes), LHC (dots) and VLHC
(dashes).
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